We present the results of an extended scaling test of quenched Wilson twisted mass QCD. We fix the twist angle by using two definitions of the critical mass, the first obtained by requiring the vanishing of the pseudoscalar meson mass m PS for standard Wilson fermions and the second by requiring restoration of parity at non-zero value of the twisted mass µ and subsequently extrapolating to µ → 0. Depending on the choice of the critical mass we simulate at values of β ∈ [5.7, 6.45 
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Introduction
Twisted mass QCD (tmQCD), whose action reads 
where
ψ. An analysis à la Symanzik beyond O(a) shows the presence of O(a 2 ) cutoff effects enhanced at small pion mass, the most dangerous of which are of order (a/m 2 PS ) 2k k ≥ 1 which signal the presence of possibly large lattice artifacts in the m 2 PS a regime [6] (see also [7] ). The result of this analysis is that there are two ways of reducing these large lattice artifacts: fixing the O(a) ambiguity in m c as proposed in Refs. [5] (we will call this definition m PCAC c ) or add the clover term with non-perturbatively determined c SW coefficient (and the corresponding value of m c ). We investigate here the first proposal (see Refs. [8] for the second possibility). 
Determination of m PCAC
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Chiral behaviour at fixed a
The effectiveness of m PCAC c in reducing the large lattice artifacts observed at small quark mass is evident when considering the chiral behaviour of two simple observables: f PS and m PS . f PS can be extracted, without need of renormalization constants, by using the exact lattice PCVC relation
(where ∂ * µ is the lattice backward derivative andṼ a µ the point-splitted vector current). It follows that, at maximal twist, ( f PS is predicted to be linear in m 2 PS at one loop in quenched χPT). Using the integrated PCVC relation, it is also possible to prove [6] that, by using m PCAC c and in the region µ > a 2 , m 2 PS is linear with µ up to small a 4 cut-off effects 3 (i.e. O(a 2 ) lattice artifacts are proportional to µ). This is qualitatively confirmed by our data as shown in Fig. 2.a. 
Scaling behaviour
We present now results concerning the scaling behaviour of f PS r 0 , m V r 0 , m oct r 0 and m dec r 0 at fixed value of m PS r 0 (where r 0 is the Sommer scale). More details concerning meson quantities can be found in Ref. [11] . m V has been extracted by using either the spatial component of the axial vector or the temporal component of the tensor as interpolating operators (in the following we will quote only the latter, which systematically present lower statistical errors). m oct and m dec have been extracted by using respectively ε ABC ((d A ) T Cγ 5 u B )u C α and ε ABC ((u A ) T Cγ k u B )u C α as interpolating operators. The parameters of the simulations can be found in Tab. 1. We have simulated quark masses µ corresponding to 235MeV ≤ m PS ≤ 1.0GeV (where the scale r 0 , as will be explained below, has been fixed through the ρ mass). The scaling behaviour of f PS r 0 , as shown in Fig. 2 Since we have simulated down to m PS of 235 MeV, finite size effects (FSE) can be quite relevant. In order to check for FSE we performed two additional simulations at β = 5.85 on volumes of 12 3 × 32 and 14 3 × 32 in order to extend the results of Ref. [13] at smaller masses. For meson quantities (m PS , f PS and m V ) FSE are negligible for all the quark masses starting from the third smallest one; on the two smallest masses they are in practice below the statistical accuracy of our data. For baryon masses, instead, FSE are very large for the two smallest masses and still relevant on the next three. Since the sensitivity required to study FSE on the smallest two masses is computationally very expensive, we chose here to correct only the data from the third value of µ on (corresponding to m PS = 375 MeV). The results for the scaling behaviour of m oct r 0 are shown in Fig. 3 .a from which the lattice artifacts appear to be O(a 2 ) down to β = 5.85 and of relatively small size. 
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Continuum limit
Results for the continuum limit of f PS r 0 , m V r 0 , m oct r 0 and m dec r 0 are presented in Fig. 3 .b and 4.a. Our determinations of f PS and m V are in good agreement with those from the ALPHA Coll. [12] with non-perturbatively O(a) improved Wilson fermions (the comparison for f PS is shown in Fig. 3.b) . For the chiral extrapolation we used the form f PS , m V ∼ A + Bm 2 PS and m oct ,
PS . In order to compare with the results of the CP-PACS Coll. [14] , we fixed the scale r 0 through the ρ mass m ρ , obtaining r 0 = 0.576 f m 4 . As a prediction we get f π , m N , m ∆ and (working in the SU (3) symmetric limit) f K and m K * . The results can be found in Fig. 4 .b and Tab. 2 together with those of Ref. [14] and turn out to be in very good agreement. Notice however that in the present work quantities are O(a) improved and pseudoscalar masses significantly smaller than those in Ref. [14] (where standard Wilson fermions were used) have been simulated.
Conclusions and Outlook
In the present study we have extrapolated to the continuum (taking into account possible Table 2 : Pseudoscalar meson decay constants from the present work and from Ref. [14] (in Ref. [14] , tadpole-improved perturbation theory has been used to renormalize the axial current).
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using m pion c . Our results for the continuum extrapolated quantities are in good agreement with those from the ALPHA [12] and CP-PACS [14] Collaborations. This is very encouraging in view of future dynamical simulations [3] . There are however other aspects of tmQCD that it is worth to investigate, for instance the problem of isospin breaking (see Ref. [15] for an exploratory study in the quenched approximation). This problem is practically very important for phenomenological applications of tmQCD and also strictly related to the phase structure of tmQCD in the neighborhood of the critical point [5, 16] and thus directly relevant for dynamical symulations.
